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@ Procedure for separating llgnin and phenol from phenol solutions. 

(g) A process for separating llgnin and recovering phenol from 
a phenol solution obtained by treating a lignoceilutose*contaln- 
ing material with a phenol-containing solution, chairacterized in 
that it comprises the steps of:- 

(1) extracting the phenol solution with water or with an 
aqueous solution at elevated temperature to give a 
phenoi^ontalning aqueous phase and a lignin-contalnlng 
organic phase; 

(2) reducing the temperature of the phenol-containing 
aqueous phase so that there is formed a phenol phase of 
low water content, and an aqueous phase of low llgnin 
content; and 

(3) the low llgnin content aqueous phase is returned to 
step (1) and llgnin is recovered from the lignin-contalnlng 
organic phase produced in step (2). 
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Description ^ 

Procedure for separating lignin and phenol from phenol solutions 

The present invention concerns separation of Ilgnin from solutions containing phenol In particular, the 
Invention concerns separation of Ifgnin and phenol from phenol-containing digesting solutions obtained when 
5 extracting iignocelfulosic materials with acid-catalyzed phenol solutions. 

The use of phenol and other phenolic compounds towards separating lignin from wood is known In the art. 
Regarding the state of art, reference Is made e.g. to Schweers, Chemtech 1974, 491, and to Applied Polymer 
Symposium 28, 277 (1975). Briefly described, the method comprises treatment of llgnocellulosic materials with 
a solution containing phenol, whereby the lignin can. be solved and the cellulose and hemlcellulose 
10 components set free. 

Dual problems are associated with the treatment of solutions obtained in phenol digestion of llgnocellulosic 
materials. The lignin In the solutions should be recovered with maximal ease and in an energy-economic way, 
and on the other hand the phenol In the solution should be separable and returnable to the process. 
Separation of lignin from the organic digesting solution in phenol digestion of lignocellulosic material has 
IS received very little attention, owing to the fact that main emphasis has been placed on phenol recovery and 
recirculation and on utilizing as digesting chemicals those various phenol compounds which are obtained from 
lignin itself. 

One way to recover lignin and to recirculate phenol from the organic phase of the phenol digestion process 
Is distilling the free phenol either at atmospheric or subatmospheric pressure and solving the distillation 
20 residue in a suitable solvent, such as acetone or dioxane. This organic solution may be precipitated In an 
organic solvent, such as diethylether or toluene. The lignin thus precipitated Is then Isolated by filtering or 
centrifuglng. and it is washed with pure ether or toluene. The state of art of this kind Is represented e.g. by 
Schweers et al., Holzforschung 26 (1972) ,3, p.102. This precipitation method Is however difficult to apply on 
industrial scale, for a number of reasons. Among the difficulties may first be mentioned that on precipitation 
25 with the aid of an organic fluid part of the lignin will remain in solution, that is, fractioning of lignin takes place. 
TTils lignin fraction has turned out to be difficult to Isolate and it remains solved in the phenol residue. 
Secondly, handling large quantities of organic liquids Is awkward and dangerous on industrial scale and 
requires costly apparatus investments. 
Another way to utilize the lignin in phenol digestion is, after distilling the free phenol contained in the organic 
30 phase, to subject the lignin residue either to pyrolysis (cf. Schweers et al.. Das Paper 26 (lUA), p.585-590 < 
(1972)) or to hydrocracking. The lignin will decompose to various phenolic compounds. Attempts have been 
made to use these compounds together with the free phenol isolated from the digesting solution, in treatment 
of fresh digesting solution, whereby the process would become self-supporting as regards make-up phenol. , 
This however entails remarkable difficulties in the digesting process proper because the characteristics of the 
35 pulps that are obtained are not constant: they change in accordance with the variations in composition of the 
digesting solution. Moreover, pyrolysis as well as hydrocracking requires exceedingly heavy plant equipment 
which Implies high investments and thus impairs the economy of the entire phenol digestion process. 

The object of the Invention Is to provide a lignin separation procedure which Is free of the drawbacks above 
described and which solves the problems associated both with lignin separation and with phenol recirculation. 
40 It is thus understood that the Invention concerns a procedure for separating lignin and recovering phenol from 
phenol solutions which have been obtained on treating lignocellulosic materials with solutions containing 
phenol, and the invention is characterized in that it comprises, at least, the following steps> 

(1) the phenol solution is extracted with water or with aqueous solution at elevated temperature, 
thereby obtaining an aqueous phase containing phenol and an organic phase containing lignin; 
45 (2) the temperature of the aqueous phase is lowered so that a phenol phase Is produced which has low 

water content, and an aqueous phase with low lignin content; 

(3) the aqueous phase is returned to step (1) and the lignin is recovered from the organic phase. 
In the procedure of the invention use is made, on one hand, of the different equilibria of water/phenol 
solutios at different temperatures and on the other hand of the changing phenol: water :Iignin equilibrium in 
SO repeated extractions. In the literature the following data are found concerning the equilibrium of water/phenol 
solutions at different temperatures 
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Temperature , 


Water/Phenol 


Aqueous phase. 


Phenol phase. 






-C 




X by Ht. 


X by wt. 






60 


Water 


B5 


44 


1.93 


5 




Phenol 


15 


56 


0.286 




40 


Water 


91.5 


33.9 


2.70 






Phenol 


8.5 


66.2 


0.129 


10 


18 


Water 


93.8 


27.7 


3.36 






Phenol 


6.92 


72.1 


0,096 





IS 



As taught by the invention, phenol-contalning solutton which has baen obtained on treating lignocellulosic 
materiais with solutions containing phenol are extracted in a first step with water at elevated temperature. The 20 
appropriate temperature for extraction is selectable within the range from 30 to 80** C, advantageoulsy within 
the range from 40 to 60° C. The water component may be just water, but advantageously to this purpose Is 
used phenol-containing solution with high water content, which has been obtained in a step described further 
on, and which may also contain small amounts of llgnin, or washing waters obtained In washing the lignin 
separated by the procedure of the invention. 

The temperature in the extraction step may be controlled In a variety of ways, depending e.g.. on the 
temperature of the phenot-^ontaining solution arriving at extraction, it is however advantageous to proceed so 
that the lignin-containlng phenol solution coming to ex^action as well as the aqueous solution servinit as 
extractant are both separately heated to the temperature that has been selected for the extraction process! 

As result from the extraction carried out at elevated temperature one obtains a phenol-<x>ntalnlng aqueous ^ 
phase and a llgnln-contalnnlng organic phase which are easily separable e.g. by decanting. 

The second essential step In the procedure of the invention is lowering the temperature of the 
phenol-containing aqueous phase obtained after the water extraction at elevated temperature which has just 
been described. The temperature may be lowered in various ways; one suitable way Is to conduct the aqueous 
phase through a heat exchanger. As the temperature is lowered, two strata are aigain formed. One, ^ 
phenol-containing stratum contains part of the phenol and only a minor quantity of water, and this stratum is 
easy to separate, for instance by decanting. The other, water-containing stratum contains part of the phenol 
and small quantities of lignin, and It Is advantaegously used In the above-described \yater extraction at 
elevated temperature. 

From the lignin-containing organic phase obtained as result in the water extraction at elevated temperature ^ 
the lignin is easily recoverable by precipitation with water. The precipitation temperature suitable in view of 
lignin separation is 15 to 25"* C, The precipitated llgnin may then be recovered by filtering or centrifuging, and It 
may be further purified by washing it with hot water. The wash waters are advantageously utilized in the 
aboveTmentioned water extractions. 

The Invention is described in the following, referring to the attached figure, which presents the flow chart of ^ 
a process meant for applying the invention. " ' . 

in the process of the figure, the hot lignln-containing phenol solution 10 coming from the lignocellulosic 
material phenol digestion is first conducted through a heat exchanger 11, cooled by oooiing fluid 12, Into a 
decanter 13, where the organic phase 15 containing phenol and llgnin Is separated from the aqueous phase 14, 
the latter being returned to the digestion process. The organic phase 1 5 Is conducted to a heat exchanger 16, ^ 
heated by a fluid 17, and in which the temperature of the organic phase Is elevated to 30-60^0, advantageously 
to 40-60** C. The heated phase A Is conducted In a flow 18 to the extraction means 19, In which at the same time 
water 20 Is Introduced, which Is advantageously heated to the same temperature as the organic phase 19. in 
the extraction means 19 the phenoi-contalnlng aqueous phase B and the lignin-contalning organic phase C are 
formed. ^ 

The aqueous phase B is conducted through a heat exchanger 21 . cooled by cooling fluid 22. Into a decanter 
23. where a low water content phenol phase D and a low water content aqueous phase E are formed. The 
aqueous phase E Is returned to the extraction means 19 through a heat exchanger 24 heated by heating fluid 
19, thereby constituting the water flow 20 required in extraction. The phenol-containing phase D Is 
advantageously directly used to prepare fresh digesting solution. ^ 

The lignin-containing phase C departing from the extraction means 19 is then conducted to a filter 26, where 
with the aid of water 27 the llgnin will precipitate and depart as a flow 28 to further refining steps. The aqueous 
phase 29, from which the lignin has been precipitated, may be used towards preparing digesting solution or, if 
required, to separate lignin in the extraction means 19 after Its temperature has been raised to proper height. 

The invention is further illustrated by the following, non-restrictive examples. ^ 
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Example 1 

A study was made of lignin and phenol separation from the organic phase obtained In phenol digestion of 
cellulose, said phase having the following composition:- 
Water 700/o by wt. 
Phenol 230/0 by wt. 
Lignin 30/o by wt. 
Sugars abt 20/o by wt. 
Extracted substances abt. 1.7% by wt. 
Org. phase :extr. water 1:2 
Number of extractions 3 
Extraction temperature 60*'C 

The extractions were carried out in charge processes, and the composition of the phenol and aqueous 
phases was analyzed after each extraction, calculating the phenol :water:tignin equilibria The results are 
shown in Table 1. 



Table 1 



20 



25 



30 



35 



Phase 


Extraction No. 


Aqueous phase , 


Phenol phase 9 








% by wt. 


% by wt. 




Water 


I 


as. 99 


33.73 


2.53 


Phenol 




13.88 


62.03 


0.224 


Lignin 




0.13 


4.24 


0.O3O7 


Water 


II 


87.89 


19,97 


4.40 


Phenol 




11.99 


71.46 


0.168 


Lignin 




0.12 


8.S7 


0,0140 


Water 


III 


89.01 


7.18 


12. 40 


Phenol 




10.79 


79.50 


0.136 


Lignin 




0.20 


13-32 


0.0150 



40 



45 



Example 2 

The organic phase was extracted as in Example 1. except that the extraction temperature was 40** C. The 
equilibria that were calculated are seen in Table 2. 
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Phase 


Extraction IMo. 


Aqueous phas^ 


B, Phenol phase. 








% by wt. 


X by wt. ^ 




Water 


I 


90.35 


27.04 


3.34 


Phenol 




9.^8 


68.92 


0.139 


Lignin 




0.09 


4.04 


0.0124 


Mater 


II 


90.63 


23.22 


3.90 


Phenol 




9.35 


70.91 


0.132 


Lignin 




0,02 


3.87 


0.OO34 


Water 


III 


89. 30 


19.48 


4.58 


Phenol 




10. SO 


72.38 


0.145 


Lignin 




0.20 


8.13 


0.0246 



10 



15 



2D 



25 



Eaxmple 3 

Example 1 was repeated, with the difference that the organic phase was exctracted with the proportion org. 
phasenfvater»1:3. The equtiibria that were calculated are seen In Table 3. ' 

Table 3 



30 



Phase Extraction No. 

% by wt. 

Water I 

Phenol 

Lignin 

Water . II 

Phenol 

Lignin 

Water III 

Phenol 

Lignin 



Aqueous pha« 
X by Mt. 

90.19 
9.93 

92-1 
9.37 

87.1 
9.70 



Phenol phas 



35 
61.4 

32.1 
61.4 

35 

45.6 

12.0 



35 



40 



45 



50 
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Example 4 

The embodiment depicted in the figure was simulated on the basis of the results from laboratory extractions 
and of data from the literature. 

Simulation revealed that part of the lignin will circulate (flow D in the fijgure) with the phenol back to the pulp 
line, as is evident from' the first part of Table 4. .Ugnln therefore accumulates In the organic phase. In the 
second part of Table 4 is presented the lignin balance when the Ilgnin content of the organic phase has 
Increased to be tenfold. A sufficient quantity of lignin will then already depart In the product of the extracting 
means (flow C In the figure) for accumulation to stop. 
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Claims 

1. A process for separating lignin and recovering phenol from a phenol solution obtained by treating a 
lignocellulose-contalning material with a phenol-containing solution, characterized in that it comprises 
the steps of :- 

(1) extracting the phenol solution with water or with an aqueous solution at elevated temperature 
to give a phenol-contalnlng aqueous phase and a iignin-contalnlng organic phase ; 

(2) reducing the temperature of the phenol-containing aqueous phase so that there Is formed a 
phenol phase of low water content, and an aqueous phase of low lignin content; and 

(3) the low iignin content aqueous phase is returned to step (1) and lignin is recovered from the 
lignln-containing organic phase produced In step (2). 

2. A process as claimed in claim 1 , characterized In that the extraction of the phenol solution is carried 
out at a temperature of from 30 to 80° C, preferably from 40 to 60^ C. 

3. A process as claimed in claim 1 or claim 2 characterized in that the phenol phase obtained by 
extracting the phenol solution at elevated temperature Is returned for the preparation of fresh digesting 
solution. 

4. A process as claimed in any one of the preceding claims, characterized in that the lignin-contalning 
organic phase from step (2) Is treated with water so that lignin precipitates and can be mechanically 
separated. 
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